Previous reports from this laboratory have shown that penicillamine effectively reduces serum digoxin levels and is a clinically useful drug in correcting digoxin intoxication. To elucidate further the antidigitalis effects of penicillamine a prospective study was undertaken in 10 children aged 4-14 years with congestive heart failure. Plasma and intracellular erythrocyte concentrations of sodium, potassium, calcium as well as Na+/ K+ and Na+/Ca++ ratios were measured before digitalization, 6 days after full digitalization while the patients were on maintenance doses of digoxin (0.02mg/Kg/day, po, maximum 0.25mg/day) and 6 hours after 1 Gm of oral penicillamine.
RESULTS
Results are summarized in Table I . Administration of digoxin caused marked alterations in the plasma and intraerythrocyte electrolyte levels. The directions of changes for Na+, K+, and Mg++, were similar to those reported before. Thus red cell potassium levels decreased significantly (p<0.005), whereas erythrocyte sodium concentrations increased (p<0.001) after digitalization. Digitalization also led to remarkable increase in red cell calcium concentrations (p<0.005). The RBC Na+/K+ and Na+/Ca++ ratios also increased significantly after full digitalization (p<0.005 for both ratios).
Administration of penicillamine not only lowered the plasma levels of digoxin in a significant manner (p<0.001) but also caused reversal of erythrocyte electrolyte concentrations. Thus RBC potassium increased (p< 0.01), RBC sodium concentration decreased (p<0.001), and RBC calcium levels also decreased significantly (p<0.01). Simultaneously RBC Na+/K+ and Na+/Ca++ ratios also decreased remarkably (p<0.01 and p<0.001 respectively).
Alterations of red cell magnesium levels were not significant, neither after digitalization nor after administration of penicillamine. All patients tolerated penicillamine very well and no side effect was noted in any of the patients. 1. Previous studies had clearly shown that cardiac glycosides led to a net loss of K+ and a net gain of Na+ by the affected cells due to specific inhibition of Na+-K+ ATPase in the cell membrane.9),10) These digitalis-induced alterations in the exposed cells, such as erythrocytes were used by Loes et al, 4) as an indicator of digitalis effect as well as a useful sign of digitalis intoxication.
Thus Loes et al showed that the children intoxicated with digitalis manifested significantly higher ratios of red-cell sodium to red-cell potassium ratios than nontoxic patients. In our study the directions of changes of erythrocyte Na+ and K+ were similar to those reported by Loes et al.
In additoin to Na+, K+, and Mg++, we also measured RBC calcium levels.
Thus it was shown that RBC calcium levels were significantly increased after administration of digoxin. Although we cannot state from this study the mechanism involved in the increased calcium influx in the erythrocytes by exposure to digoxin,11)
however it is noteworthy that the alterations of RBC clacium concentrations were of sufficient magnitude to be used as an additional quantitative indicator of digoxin effect and its reversal by penicillamine.
2. The effect of penicillamine on serum digoxin levels in nontoxic patients6) as well as its beneficial effects on digitoxic patients12) were previously reported from this laboratory. In this experiment we further investigated the effect of penicillamine on the changes of digoxin-induced erythrocyte electrolyte concentrations. It was found that oral penicillamine therapy not only significantly reduced the serum levels of digoxin but it also reversed in a significant fashion the changes induced in erythrocyte electrolyte levels. Thus RBC Na+ and Ca++ levels were decreased, whereas RBC K+ levels were increased.
Although the exact mechanism of the effect of penicillamine is not yet clear,6) however based on these results it is clear that penicillamine affects the flux of electrolytes across the cell membrane induced by digoxin. This effect might be direct or most probably indirect, ie via its reducing of the serum digoxin levels.
In conclusion this study has demonstrated that in addition to erythrocyte Na+, and K+, RBC calcium levels are also a sensitive indicator of digoxin effect and that penicillamine not only reduces serum digoxin levels but it also tends to reverse the intraerythrocyte electrolyte changes brought about by digoxin.
